14) due to the weak acidic character of the latter (Kiseleva et al., 2003) . As a result the recovery of erythrosine was lower than that reported for the other dyes. The recently issued revised ISO 3632-2 version (2010) does not address the above mentioned analytical limitations regarding erythrosine. On the contrary, this dye is excluded from the list of synthetic dyes that can be detected using the methods therein, not because such an adulteration is of less importance but because the recommended protocols cannot cover its determination sufficiently.
To our knowledge, publications on the detection of synthetic dyes in saffron are rather limited. Lozano et al. (1999) tested tartrazine, ponceau S and methyl orange after addition to saffron extracts at a rather high level (2 % w/w). The synthetic dyes were separated from crocins on a RP-HPLC column (C 18 ) by gradient elution with methanol-water (20 -70 % in 50 min). Subsequently Zougagh et al. (2005) used an automated extraction system to pre-concentrate tartrazine, ponceau 4R and methyl orange on a cotton column from which the tested dyes were then eluted with a dilute ammonia solution. Identification at selected wavelengths was by means of an on-line photometer whereas quantification was achieved using partial least squares regression analysis. Another screening procedure was reported at that time for the detection of eleven synthetic dyes in saffron. It involved removal of crocins by acid hydrolysis 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 C) all of the tested compounds including those referred in the relative ISO specification plus allura red AC, naphthol yellow and red 2G were stable except for erythrosine. Our experimentation with the ion-pair RP-HPLC protocols described in ISO 3632-2 (2003) using a fluorimetric detector instead of DAD did not improve quantification limit as the acid ion-pair environment quenched its fluorescence severely (Ordoudi et al., 2010 ).
The analytical limitations described above along with legislative restrictions on the uses of erythrosine because of its low ADI value (0-0.1 mg/kg body weight/day) motivated us to focus on the direct selective detection of this additive in mixture with yellow or red synthetic dyes utilizing its fluorescence properties. The results were compared with those obtained by using derivative UV-Vis spectrometry as the identification means in conjunction to the same sample preparation process.
Our effort deserves attention by the ISO Technical Committee for "Herbs, culinary spices and condiments" responsible for ISO 3632-1 and 2 revisions. were from Macherey-Nagel (Düren, Germany). PTFE filters (11 mm, 0.45 mm) were from Millipore (Bedford, MA, USA). and finally centrifuged (4080 × g, 10 min). The supernatant was spiked with the synthetic dye (10, 25, 62.5, 87.5, 112 .5 µL from 1 µM solution) and the mixture was homogenized. The pH of the mixture was adjusted to ~2.5 by addition of glacial acetic acid (2 mL). The extract was transferred onto a polyamide SPE cartridge preconditioned with 1 mL of water. The cartridge was successively washed with water (10 x 3 mL), methanol (10 x 3 mL), acetone (10 x 3 mL) and finally methanol 1 (10 x 3 mL) under vacuum (15 mm Hg) and the eluates were discarded. The bound colourants were then eluted using a mixture of methanol: ammonia solution, 95:5, v/v
Materials and methods

Reagents and materials
Sample preparation
(1 x 5 mL) in a heart-shaped flask and the solvent was evaporated at room temperature under vacuum. The residue was re-dissolved in 0.5 mL methanol and vortexed for 1 min. The extraction and purification procedure was carried out in triplicate.
Fluorimetric examination
An aliquot of the methanol extract was transferred into a volumetric flask and the volume was made up with methanol (dilution factor = 10 or 100). Fluorescence excitation (exc) maximum was found to be at 532 nm. The corresponding emission (em) maximum was then recorded at 548 nm on a Shimadzu RF-1501 spectrofluorimeter (Kyoto, Japan) using the PC-1501 software facilities of the instrument. Scan speed was 2775 nm min -1 and instrument response time was automatically set. The system was thermostated at 25 o C via an outer watercirculating bath. Spectra were corrected for background as described by Papoti and Tsimidou (2009) . For each sample, measurements were made in triplicate. value and b, the slope of the calibration graph), limit of quantification (LOQ, calculated as 10s/b), intra and inter day precision, specificity and minimum required performance limit (MRPL) 2 were examined. These parameters were checked using standard solutions of ER or mixtures with other synthetic dyes. Recovery studies were performed using saffron samples spiked with five levels of ER. For each level, triplicate measurements were obtained.
Method validation
Spectrophotometric examination
An aliquot of the methanol extract (0.1 mL) was placed in a quartz micro cell (1x 1x 0.1 cm) from Starna Brand (Essex, Germany) and visible spectra were then recorded on a Shimadzu UV 1601 spectrophotometer equipped with the UV-1601PC software (v. 3.9, Shimadzu). The system was thermostated at 25 o C via an outer water-circulating bath. Second order spectra derivatives were calculated according to the procedure described by Zalacain et al. (2005) . For each sample, measurements were made in triplicate.
Statistical analysis
Statistical comparisons of the mean values were performed by one-way analysis of variance (ANOVA), followed by the multiple Duncan test (p < 0.05 confidence level) using the SPSS 14.0 software (SPSS Inc., Chicago, IL).
Results and Discussion
Background work
The spectral characteristics of ER as well as those of the other water soluble acid dyes referred in the relevant ISO methodology were tested in methanol so that through calculation of molar absorption coefficients (ε) at λ max of ER (Fery-Forgues values that were four to six-fold lower than that of ER. As a consequence, to achieve a certain absorption value at 532 nm the required amount of extractable ER is expected to be many folds lower than that of any other tested dye. Concerning the estimated Φ F532 value of ER in methanol, it was in good agreement with that reported in strongly alkaline phosphate buffer (Ryvolova et al. 2007 ). The corresponding quantum yield values of yellow dyes (tartrazine, quinoline yellow, sunset yellow FCF, naphthol yellow and orange II) that absorb light in the region below 500 nm were found negligible. None of these compounds is expected to interfere with fluorescence detection at 532 nm (ex) due to the lack of a fluorescein moiety in their structure. The
Φ F532 values of azorubine, amaranth, ponceau 4R, red 2G, allura red AC and rocelline were three to four orders of magnitude lower than that of ER pointing out a rather weak fluorescence at 532 nm. Based on the quantum yield values of Table 1 , allura red AC, azorubine and red 2G could be considered as the only potential interferences so that these dyes were used for further experimentation toward the selective detection of ER in saffron.
Method development and validation procedure
Linearity and sensitivity. Precision. Measurement precision was satisfactory for the determination of ER at nM levels with regard to performance criteria for quantitative methods adopted in the Decision 2002/657/EC. Intra-day precision was checked by the same analyst on three random days. Obtained percent coefficient of variation (% CV) values of pooled data for 7.5, 12.5, and 22.5 nM of the analyte were 8.4%, 4.8% and 3.1%, respectively (n = 9). The inter-day precision was also examined at different levels; % CV values were below 8.4 % showing that the procedure is reproducible. Accuracy and matrix effect. Recovery studies were then conducted for standard ER solutions as well as for spiked saffron samples to evaluate matrix effect and overall accuracy of the fluorimetric method. Analyses were carried out on two different days by two different analysts for one spiking level corresponding to the mid of the fluorescence regression line (12.5 nM standard solution or 1 mg kg -1 saffron). These data are shown in Table 3 . The recovery of ER from standard solutions was 61 -73.5 % in accordance with that reported by Kirschbaum et al. (2006) for the recovery rates of standard ER solution (0.28 mM) retained on various types of polyamide adsorbents. These authors had noticed that the performance of the adsorbent may vary depending on the manufacturing process or/and lot-to-lot variability of the polymeric material. In our study, for the same lot of polyamide and one spiking level, the matrix effect to both mean recovery values and measurement precision was obvious. To further examine the effect of endogenous saffron pigments on the determination of 
Comparison with other direct detection protocols.
An inherent advantage of our proposal with regard to the screening method by 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w O n l y 9 and 45.1, respectively), worse than those recorded for fluorescence (see Table 3 ).
Matrix effect due to visible spectra overlapping was pronounced.
Conclusion
Summarizing current and previous findings it can be suggested that 'complete absence' of ER in saffron can be certified by the direct fluorimetric approach. The proposed procedure offers high selectivity and sensitivity (MRPL=0.04 mg kg -1 )
indicating that it is fit for the determination of traces of erythrosine in this precious spice in the presence of other synthetic dyes. Our method deserves attention by the ISO Technical Committee for "Herbs, culinary spices and condiments" 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
